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Liver diseases are one of the fatal syndromes due to the vital role of the liver. Most of the effective treat-
ment of liver conditions are of natural origin. Silymarin (SI) is the standard drug used for treatment of
impaired liver functions. Two natural compounds possessing promising liver protection and with differ-
ent chemical structures namely; the bioflavonoid hinokiflavone (HF) isolated from Junipers phoenicea
family Cupressaceae and the sweet saponin Glycyrrhizin (GL) present in Glycyrrhiza glabra (liquorice)
were selected for the current study. Since the two compounds are of different nature, they may act by
different mechanisms and express synergistic effect. Combination of the two compounds using to dose
levels were challenged with single doses of HF, GL and SI as well. The comparison was monitored via
measuring serum biochemical parameters including, aspartate aminotransferase (AST), alanine amino-
transferase (ALT), gamma glutamyltranspeptidase (GGT), alkaline phosphatase (ALP) and total bilirubin,
tissue parameters such as MDA, NP-SH and TP, histopathological study using light and electron micro-
scope. Protective effect on kidney was also monitored histopathologically and biochemically through
observing the levels of LDH, creatinine, creatinine-kinase, urea and uric acid. The combinations of HF
and GL showed protective effect more than the used single doses of HF and GL alone. However, SI was
superior to the used combination in the two used doses in all the measured parameters. The liver and
kidney cells appearance under normal and electron microscope showed that SI treated groups showed
almost normal cells with slight toxic signs. Cells from group treated with the higher doses of the combi-
nation of HF and GL showed slight signs of intoxication under light and electron microscope indicating
good level of protection. Although the combination of HF and GL expressed good protection in the higher
dose, however, the combination did not exceed the protective effect of SI.
� 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Liver diseases are ranked as the second leading cause of mortal-
ity in the US (Everhart and Ruhl, 2009) and the fifth according to
National statistics in the UK (UK National Statistics, 2013). In Saudi
Arabia 31.8% of the patient suffering from liver problems are using
herbs in addition to the prescribed drugs (Al-Zahim et al., 2013).
Our previous studies on the hepatoprotactive effect of Junipers spe-
cies showed promising results (Alqasoumi et al., 2009; Abdel-
Kader et al., 2009, 2017). Both J. phoenicea and J. procera were sub-
jected to detailed phytochemical study directed by hepatoprotec-
tive activity resulted in the identification of the bioflavonoid
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Fig. 1. Structures of SI, HF and GL.
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hinokiflavone (HF) (Fig. 1), 4-epi-abietol and sugiol as the most
active components (Alqasoumi and Abdel-Kader, 2012a;
Alqasoumi et al., 2013). In addition, HF reported to express potent
inhibitory activity on dengue 2 NS5 polymerase (Coulerie et al.,
2012). HF displayed HIV-1 reverse transcriptase (RT), influenza A
and B virus sialidase inhibitory activity (Lin et al., 1997; Miki
et al. 2008). HF potentiated the antibiotic activity of ciprofloxacin
against Staphylococcus aureus by targeting RecA (Cottarel et al.,
2007). Among 65 flavonoids, HF was the most active to inhibit
the procoagulant activity of adherent human monocytes stimu-
lated by endotoxin and interleukin-1b in vitro (Lale et al., 1996).

The most common use of the saponin Glycyrrhizin (GL)(Fig. 1),
the chief sweet-tasting constituent of G. glabra (liquorice), is in the
treatment of liver disease (Lin et al., 2008). GL containing prepara-
tion prevents hepatic steatosis possibly by protecting mitochon-
dria against oxidative stress induced by HCV proteins and iron
overload (Korenaga et al., 2011). GL was found to inhibit the repli-
cation of the SARS-associated virus (Cinatl et al., 2003). In the
treatment of HCV (hepatitis C virus) infection, GL can inhibit HCV
full-length viral particles and HCV core gene expression or function
in a dose-dependent manner and have a synergistic effect with
interferon (Ashfaq et al., 2011). GL and omega-3 fatty acids combi-
nation protected the liver from TAA hepatotoxic effects as
indicated from biochemical and histopathological parameters. GL
and omega-3 fatty acids combination showed potent anti-
inflammatory, anti-oxidant and anti-fibrotic effects (Abo El-Magd
et al., 2015).

In the present study, single doses of HF, GL and two doses of
combination between HF and GL were evaluated for protective
effect against CCl4 induced liver toxicity in rats in comparison with
the standard drug SI.

2. Material and methods

2.1. Chemicals

Silymarin (SI), glycyrrhizin (GL), ethylenediamine tetraacetic
acid (EDTA), Folin reagent, Mayer hematoxylin, eosinphloxine,
trichloroacetic acid, 5, 5 -dithio-bis-(2-nitrobenzoic acid),
2-thiobarbituric acid and paraffin were obtained from Sigma-
Aldrich, St. Louis, MO, USA. All solvents used were of analytical
grade. Hinokiflavone (HF) was isolated and identified as described
earlier from J. phoenicea (Alqasoumi et al., 2013).

2.2. Animals

Male Wistar albino rats (150–200 g) within the same age range
(8–10 weeks) were obtained from the Experimental Animal Care
Center at the College of Pharmacy, Prince Sattam Bin Abdulaziz
University, Al-Kharj, KSA. Animals were housed under controlled
laboratory conditions: temperature (22 ± 2 �C), humidity (55%)
and light/dark conditions (12/12 h) and provided with Purina chow
(LabDiet, St. Louis, USA) with free access to drinking water ad libi-
tum (Abdel-Kader et al., 2017). The experimental protocol of the
current study was approved by the Ethical Committee of the
College of Pharmacy, Prince Sattam Bin Abdulaziz University,
Al-Kharj, KSA.

2.3. Hepatoprotective and nephroprotective activity

Male Wistar rats were divided into seven groups’ five animals
each. Group I served as control and received normal saline (1 mL,
p.o.). Groups II- VII received a single dose of CCl4 (1.25 mL/kg body
weight). The negative control group II received CCl4 without any
other treatment. The positive control group III was treated with
SI at a dose of 10 mg/kg p.o. (20.7 mmole/ kg). Groups IV treated
with 12 mg/kg body weight of HF and group V was treated with
GL at dose of 84/kg body weight. The last two groups were treated
with combinations of HF and GL. Group VI was treated with 6 mg
and 42 mg/kg body weight of HF and GL, respectively, while group
VII received 12 mg and 84 mg/kg body weight of HF and GL respec-
tively. Treatment with the protective agent continued for six days,
CCl4 administration preformed in day six. Animals were sacrificed
using ether anesthesia after 24 h, following CCl4 administration.
Blood samples were collected by heart puncture and the serum
was separated for evaluating the biochemical parameters.

2.4. Determination of liver and kidney serium paramaters

The biochemical serium parameters including aspartate amino-
transferase (AST), alanine aminotransferase (ALT), gamma glu-
tamyltranspeptidase (GGT), alkaline phosphatase (ALP) and total
bilirubin were estimated by reported methods (Edwards and
Bouchier, 1991). The enzyme activities were measured using Reflo-
tron� diagnostic strips and were read using Reflotron� Plus instru-
ment (Roche, Basel, Switzerland). Serum creatinine and blood urea
were determined using Randox Diagnostic kits (Randox Laborato-
ries Ltd., Crumlin, U.K.) applying the reported method (Varley
and Alan, 1984). Creatinine kinase and uric acid were estimated
by Reflotron, Roche kit and LDH was estimated using Human diag-
nostic kit with UV–VIS Spectrophotometer (Shimadzu, Japan)
(Braun et al., 1987; Merdes et al., 1985).

2.5. Determination of tissue parameters

The livers and kidneys samples were separately cooled using ice
bath. The tissues were homogenized in 0.02 M ethylenediamine
tetraacetic acid (EDTA) in a Potter-Elvehjem type C homogenizer
(Sigma-Aldrich, St. Louis, MO, USA). Homogenate equivalent to
100 mg tissues were used for the measurements.

For the determination of Non-protein sulfhydryl groups (NP-
SH) tissue homogenate was mixed with 4 mL distilled water and
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1 mL of 50% trichloroacetic acid (TCA). The mixtures were shaken
for 10–15 min and then subjected to centrifugation for 15 min at
3000 rpm. Two mL of the supernatant were mixed with 0.1 mL of
0.01 M DTNB [5, 50-dithiobis(2-nitrobenzoic acid)] and 4 mL of
0.4 M Tris buffer pH 8.9 and the resulted solutions were measured
spectrophotometrically at 412 nm (Sedlak and Lindsay, 1968).

For the level of MDA, aliquots of homogenate were incubated at
37 �C for 3 h with shaking in a metabolic shaker and then mixed
with 1 mL of 10% aqueous TCA and centrifuged at 800 rpm for
10 min. 1 mL of the supernatants were mixed with 1 mL aqueous
solution of 0.67% 2-thiobarbituric and heated in a boiling water
bath for 10 min. After cooling the mixtures were diluted with 1
mL distilled water and the absorbance’s were measured at 535
nm. The content of MDA (nmol/g wet tissue) were calculated from
the standard curve of MDA solution (Utley et al., 1967).

To determine the TP parts of the homogenate were treated with
0.7 mL of Lowry’s solution, mixed and incubated for 20 min in dark
at room temperature followed by 0.1 mL of diluted Folin’s reagent
and samples were again incubated at room temperature for 30 min
away from light. The absorbance of the resulted solutions were
then measured at 750 nm (Lowry et al., 1951).

2.6. Histopathology

The liver and kidney samples were fixed, placed in cassettes and
mounted into automated vacuum tissue processor (ASP 300 S,
Leica Biosystems, Nussloch, Germany). The samples were embed-
ded and blocked in paraffin wax, and thin sections (3 lm) were
made using microtome (TBS SHUR/cut 4500, Triangle Biomedical
Sciences, Durham, North Carolina, USA). Sections were stained
with Mayer’s hematoxylin solution and counterstained in eosin-
phloxine solution (Prophet et al., 1994). Slides were examined
using Slide Scanner (SCN 400F Leica Microsystems, Wetzlar, Ger-
many) for slide observation and imaging on the magnification of
10x and 40x objectives.

2.7. Electron microscopy

Specimen rotator (Product 15920D, Thermo Fisher Scientific,
Carlsbad, CA, USA) was used during fixation, dehydration and infil-
tration. Tissue samples of 2–3 mm thick were fixed in 4% glu-
taraldehyde (Product 16210, Electron Microscopy Sciences (EMS),
Hatfield, PA, USA) for 2 h followed by 1% osmium tetroxide (Pro-
duct 19100, EMS) for 1 h. Then, samples were dehydrated using
70% ethanol for 10 min, 100% ethanol for 10 min, and 100% ethanol
for 15 min, 100% propylene oxide (Product 8.07027.1001, Merck
KGaA, Darmstadt, Germany) for 15 min and another 100% propy-
lene Oxide for 15 min. Infiltration was performed using mixture
of EMbed 812 one-step single mix formula composed of 20 mL of
EMbed 812 (Product 14900, EMS), 16 mL of Dodecenyl Succinic
Anhydride (DDSA) (Product 13710, EMS), 8 mL of Methyl-5-Norbor
nene-2,3-Dicarboxylic Anhydride (NMA) (Product 19000, EMS) and
0.66–0.88 mL of 2,4,6-Tri(dimethylaminomethyl) phenol (DMP-30)
(Product 13600, EMS). The tissues were drained of most of the
propylene oxide, leaving a little so the tissue did not dry out. Then
tissues were soaked in 1:1 solution of propylene oxide: embedding
medium for 1 h at room temperature (RT) followed by 2:1 embed-
ding medium to propylene oxide at RT overnight. Finally, the mix-
ture was replaced with 100% embedding medium for 2 h at RT.
Embedding was accomplished by transferring tissues in EMS
embedding capsules (Product 69910-05, EMS) then filled with
the embedding medium. Capsules were incubated in oven at 60
�C for 24 h to make blocks. After cooling to RT the blocks were
trimmed manually and ultra thin section of 100–200 nm were pro-
duced using ultramicrotome (Product PT-PC #75,840, RMC Boeck-
eler Instruments, Inc., Tucson, AZ, USA). Sections were loaded on
grid (Product G200-Cu, EMS) and stained manually in 1% uranyl
acetate (Product 93-2840, STREM CHEMICALS, Newburyport, MA,
USA) for 15 min in dark conditions, rinsed 6 times with normal sal-
ine followed by 0.5% lead citrate (Product 17810, EMS) beside sev-
eral pellets of sodium hydroxide then rinsed in distilled water
(DW). After drying, tissues were examined using transmission
electron microscope (TEM) (Product FEI TECNAI 12, Thermo Fisher
Scientific, Hillsboro, Oregon, USA) (Luft, 1961; Woods and Stirling,
2013).
2.8. Statistical analysis

Results are expressed as mean ± standard error (SE) of mean.
Statistical analysis was performed, using one-way analysis of vari-
ance (ANOVA). In case of statistically significant (P < .05) when the
F-value was found, further comparisons among groups were con-
ducted using Dunnett’s multiple comparisons test. All statistical
analyses were performed using SPSS software 17.0 (Released
Aug. 23, 2008), Chicago, USA.
3. Results and discussion

Carbon tetrachloride is one of the commonly used agents to
induce hepatotoxicity in experimental animals. In the endoplasmic
reticulum CCl4 is converted to �CCl3 and �Cl3COO resulted in lipid
peroxidation (Snyder and Andrews, 1996). Lipid peroxidation
increase endoplasmic reticulum and other membranes permeabil-
ity to Ca2+ resulting in a severe disturbances of calcium homeosta-
sis and consequently necrotic cell death (Weber et al., 2003).
Significant increase in the levels of transaminases (AST and ALT)
alkaline phosphatase (ALP) and serum bilirubin were observed in
the control group treated with CCl4 (Table 1). Treatment with10
mg/kg (20.7 lmol/kg) of SI prior to the administration of CCl4
resulted in a significant decrease (p < .001) in the elevated AST,
ALT, GGT, ALP and bilirubin levels in rats (Table 1). SI have scav-
enging ability against prooxidant free radicals. In addition, it
increases the intracellular concentration of GSH. SI restores the cel-
lular membrane permeability and increases its stability against
xenobiotics injury; increases the synthesis of ribosomal RNA and
stimulates protein synthesis to regenerate liver cells (Saller et al.,
2007; Dehmlow et al., 1996). The hepatoprotective and nephropro-
tective effect of HF at 12 mg, GL at 84 mg/kg body weight as well as
combination of the two compounds at 6 mg + 42 mg/kg body
weight and 12 mg + 84 mg /kg body weight of HF and GL, respec-
tively, was explored in comparison with SI. The protective effect
was monitored via serum parameters, tissue parameters as well
as histopathological study using light and electron microscope.

Serum liver parameters (Table 1) indicated that GL alone offers
the least reduction in the elevated levels of the studied enzymes. SI
at 10 mg /kg body weight was still the best in improving the level
of liver serum parameters. SI reduced the AST by 62%, ALT by 67%,
GGT by 56%, ALP by 39% and bilirubin by 69%. Following SI the
combination of HF and GL at 12 and 84 mg /kg body weight
reduced significantly (p < .001), the elevated levels of AST by 57%,
ALT by 62%, GGT by 52%, ALP by 37% and bilirubin by 68%.

Table 2 represents the effect of the studied compounds on the
levels of LDH, creatinine kinase, serum creatinine, urea and uric
acid. The same pattern was observed where SI provide the best
protection followed by the HF and GL at 12 and 84 mg/kg combina-
tion except for the effect of GL at 84 mg/kg body weight where the
level of LDH was reduced by 20% following SI that offered 23%
reduction.

Malonaldehyde (MDA) is the main end-product of polyunsatu-
rated fatty acid peroxidation that cause toxic stress in cells. The
increase in MDA levels induced by toxic agents leads to tissue



Table 2
Effect of HF and GL on LDH, Creatinine-Kinase, Urea, Uric acid and Creatinin of control and experimental rats.

Treatment Dose (mg/kg) LDH Creatinine-Kinase Creatinine (mg/dl) Urea (nmol/l) Uric acid (mg/dl)

Mean ± S.E % Mean ± S.E % Mean ± S.E % Mean ± S.E % Mean ± S.E %

Control – 113.32 ± 4.70 183.66 ± 5.01 0.91 ± 0.0 36.90 ± 1.79 1.92 ± 0.04
CCl4a 1.25 mL/kg 198.31 ± 7.12*** 325.16 ± 11.00*** 3.10 ± 0.14*** 192.33 ± 8.34*** 6.44 ± 0.21***

SI + CCl4b 10 152.80 ± 11.32** 23 195.50 ± 8.64*** 39 1.84 ± 0.05*** 40 126.66 ± 6.53*** 34 2.83 ± 0.1*** 56
HFb 12 210.66 ± 7.93 6 266.33 ± 8.19** 18 2.65 ± 0.13 14 161.00 ± 715* 16 5.40 ± 0.26* 16
GLb 84 157.92 ± 11.96* 20 270.83 ± 7.75** 17 3.09 ± 0.07 – 160.66 ± 7.97* 16 5.11 ± 0.27** 21
HF + GLb 6 + 42 168.47 ± 9.74* 15 212.16 ± 7.43*** 35 2.11 ± 0.07*** 32 148.66 ± 7.49** 23 4.55 ± 0.28*** 29
HF + GLb 12 + 84 162.44 ± 4.41** 18 203.333 ± 9.76*** 37 2.05 ± 0.04*** 34 143.00 ± 6.26*** 23 3.16 ± 0.24*** 51

All values represent mean ± SEM.
LDH: Lactate dehydrogenase.

a As compared with Control group.
b As compared with CCl4 only group.
* p < .05;
** p < .01;
*** p < .001; ANOVA, followed by Dunnett’s multiple comparison test.

Table 3
Effect of HF and GL on MDA, NP-SH and Total protein in liver and Kidney tissues.

Treatment Dose (mg/kg) MDA (nmol/g) NP-SH (nmol/g) Total protein (g/l)

Liver Kidney Liver Kidney Liver Kidney

Control – 0.36 ± 0.02 0.29 ± 0.03 6.75 ± 0.40 4.58 ± 0.25 105.38 ± 3.76 150.44 ± 2.82
CCl4a 1.25 mL/kg 4.79 ± 0.18*** 3.92 ± 0.24*** 2.76 ± 0.33*** 2.71 ± 0.15*** 52.68 ± 2.31*** 70.25 ± 4.81***

SI + CCl4b 10 0.92 ± 0.07*** 1.00 ± 0.06*** 4.24 ± 0.21** 4.41 ± 0.21*** 97.40 ± 3.74*** 119.35 ± 2.58***

HFb 12 4.02 ± 0.29* 3.09 ± 0.09* 2.68 ± 0.30 2.87 ± 0.15 56.28 ± 1.83 80.23 ± 3.84
GLb 84 4.17 ± 0.36 2.79 ± 0.14** 2.94 ± 0.26 3.24 ± 0.22 55.08 ± 2.31 83.82 ± 2.62*

HF + GLb 6 + 42 2.79 ± 0.17*** 2.10 ± 0.11*** 3.96 ± 0.36* 3.45 ± 0.14** 65.86 ± 2.81** 96.20 ± 3.11***

HF + GLb 12 + 84 2.07 ± 0.13*** 1.52 ± 0.09*** 4.18 ± 0.22** 3.47 ± 0.11** 72.65 ± 2.36*** 110.97 ± 3.19***

All values represent mean ± SEM of n = 5.
NP-SH: Non-protein sulfhydryl groups; MDA: malondialdehyde.

a As compared with Control group (administered with a solution of 0.9% sodium chloride).
b As compared with CCl4 only group.
* p < .05;
** p < .01;
*** p < .001; ANOVA, followed by Dunnett’s multiple comparison test.

Table 1
Effect of HF and GL on serum marker enzymes of control and experimental rats.

Treatment Dose (mg/kg) AST (U/L) ALT (U/L) GGT (U/L) ALP (U/L) Bilirubin (mg/dl)

Mean ± S.E % Mean ± S.E % Mean ± S.E % Mean ± S.E % Mean ± S.E % C

Control – 100.71 ± 4.47 26.66 ± 1.32 3.88 ± 0.33 421.66 ± 13.27 0.54 ± 0.01
CCl4 a 1.25 mL/kg 320.33 ± 8.82*** 310.33 ± 6.28*** 18.38 ± 1.06*** 705.83 ± 21.23*** 3.55 ± 0.23***

SI + CCl4 b 10 122.50 ± 4.87*** 62 100.78 ± 4.97*** 67 8.01 ± 0.43*** 56 432.33 ± 9.19*** 39 1.10 ± 0.07*** 69
HFb 12 177.16 ± 6.11*** 46 169.33 ± 6.99*** 45 11.48 ± 0.40*** 38 502.33 ± 14.24*** 29 1.14 ± 0.03*** 68
GLb 84 266.83 ± 15.60* 17 213.50 ± 6.24*** 31 13.68 ± 0.61** 26 551.00 ± 11.15*** 22 1.44 ± 0.06*** 59
HF + GLb 6 + 42 150.83 ± 5.82*** 53 143.83 ± 4.07*** 54 10.13 ± 0.43*** 45 472.33 ± 13.88*** 33 1.39 ± 0.04*** 60
HF + GLb 12 + 84 138.16 ± 3.85*** 57 118.60 ± 4.46*** 62 8.88 ± 0.20*** 52 444.83 ± 8.32*** 37 1.13 ± 0.07*** 68

All values represent mean ± SEM.
a As compared with Control group.
b As compared with CCl4 only group.
* p < .05;
** p < .01;
*** p < .001; ANOVA, followed by Dunnett’s multiple comparison test.
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damage (Alqasoumi and Abdel-Kader, 2012b). SI reduced the levels
of MDA to 0.92 ± 0.07 and 1.00 ± 0.06 nmol/g in both liver and kid-
ney tissues after the elevation caused by CCl4 to 4.79 ± 0.18 and 3.
92 ± 0.24 nmol/g respectively (Table 3). Best results from the
tested compounds were observed from the HF and GL combination
at 12 and 84 mg/kg where the levels of MDA reduced to 2.07 ± 0.13
and 1.52 ± 0.09 in both liver and kidney tissues respectively. Treat-
ment of animals with CCl4 lead also to reduction in the non-protein
sulfhydryl moiety (NP-SH) (Alqasoumi and Abdel-Kader, 2012b). SI
restored the levels to 4.24 ± 0.21 and 4.41 ± 0.21 followed by HF
and GL combination at 12 and 84 mg/kg where measured levels
were 4.18 ± 0.22 and 3.47 ± 0.11 nmol/g in both liver and kidney
tissues respectively. One of the liver damage circumstances is the
disruption and disassociation of polyribosomes on endoplasmic
reticulum leading to reduction in the biosynthesis of protein
expressed as decrease in TP. Restoring the normal levels of TP is
an important indicator for liver recovery (Alqasoumi and Abdel-
Kader, 2012b). The levels of TP reduced from 105.38 ± 3.76 and 1
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50.44 ± 2.82 to 52.68 ± 2.31 and 70.25 ± 4.81 g/l following CCl4
intoxication in liver and kidney tissues. SI restored the TP levels
to 97.40 ± 3.74 and 119.35 ± 2.58 while the HF and GL combination
at 12 and 84 mg/kg came in the second position by increasing
levels to 72.65 ± 2.36 and 110.97 ± 3.19 g/l in both liver and kidney
tissues respectively.
Fig. 2. Histopathological appearance of liver cells. (A) normal cells; (B) Liver cells of r
hepatocytes, fatty changes, parenchymal architecture disruption, deposition of collagen
and inflammatory infiltration. (C) Liver cells of rats treated with CCl4 and SI showing slig
nuclei towards endothelial of portal vein. (D) Liver cells of rats treated with CCl4 an
hepatocytes, fatty changes and absence of central vein congestion. (E) Liver cells of
vacuolization and fatty change. (F) Liver cells of rats treated with CCl4 and 6 mg of HF, 42
inflammatory infiltration, severe vacuolization and necrosis. (G1&2) Liver cells of rats trea
area with slight to moderate fatty changes and vacuolization, while G2 showing triode
almost look like normal. Magnification 20�, 100 lm. CV = Central vein; N = Necrosis: dea
within the tis-sue; F = Fatty change: accumulation of fat in form of small droplets withi

Fig. 3. Histopathological appearance of kidney cells. (A) normal cells; (B) kidney cells of
hyaline material. (C) kidney cells of rats treated with CCl4 and SI showing necrosis in glom
(D) kidney cells of rats treated with CCl4 and 12 mg/kg body weight of HF showing few ne
treated with CCl4 and 84 mg/kg body weight of GL showing slight to moderate necrosis an
treated with CCl4 and 6 mg of HF, 42 mg of GL/kg body weight showing severe necrosis a
(G1&2) kidney cells of rats treated with CCl4 and 12 mg of HF, 84 mg of GL/kg body weig
tubules area with very slight degenerative changes. Magnification 20�, 100 lm.
Histopathological study for liver (Fig. 2) and kidney (Fig. 3) tis-
sues were supportive for the biochemical parameters results. Liver
of rats treated with CCl4 showed multiple areas of necrosis, severe
vacuolization, fatty changes, parenchymal architecture disruption,
deposition of collagen fibers, decrease in glycogen content, dilata-
tion of sinusoids, central vein congestion and inflammatory infil-
ats treated with CCl4 showing multiple areas of necrosis, severe vacuolization of
fibers, decrease in glycogen content, dilatation of sinusoids, central vein congestion
ht necrosis and vacuolization of hepatocytes, portal triage with slight aggregation of
d 12 mg/kg body weight of HF with multiple areas of necrosis, vacuolization of
rats treated with CCl4 and 84 mg/kg body weight of GL showing sever necrosis,
mg of GL/kg body weight showing severely congested central vein accompanied by
ted with CCl4 and 12 mg of HF, 84 mg of GL/kg body weight G1showing central vein
area with slight to moderate fatty changes and vacuolization. Other than this, it is
d cells or group of cells within living tissue; Vac = Vacuolization: large empty space
n cells.

rats treated with CCl4 showing necrotic tubule walls accompanied by intertubular
erulus and tubules along with degeneration and accumulation of hyaline material.

crotic and degenerative areas, otherwise normal parenchyma. (E) kidney cells of rats
d degeneration accompanied by presence of hyaline material. (F) kidney cells of rats
nd degeneration along with presence of hyaline material and deposition of collagen.
ht G1 showing glomerulus area with slight degenerative changes, while G2 showing



Fig. 4. Electron Microscopy appearance of liver cells. (A) normal cells; (B) Liver cells of rats treated with CCl4 showing nuclear and cellular deterioration and accumulation of
cytoplasmic electro-dense material. (C) Liver cells of rats treated with CCl4 and SI showing almost normal appearance with the least cellular deterioration and accumulation
of electro-dense materials. (D) Liver cells of rats treated with CCl4 and 12 mg/kg body weight of HF with severe nuclear and cytoplasmic deterioration. (E) Liver cells of rats
treated with CCl4 and 84 mg/kg body weight of GL showing minimum if no cellular deterioration but much accumulation of electro-dense materials. (F) Liver cells of rats
treated with CCl4 and 6 mg of HF, 42 mg of GL/kg body weight showing intracellular deterioration and accumulation of electro - less dens materials. (G) Liver cells of rats
treated with CCl4 and 12 mg of HF, 84 mg of GL/kg body weight showing almost normal appearance with minimal cellular deterioration.
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tration. Treatment with SI showing slight necrosis, vacuolization,
portal triage with slight aggregation of nuclei towards endothelial
of portal vein. Liver cells of rats treated with CCl4 and combination
of 12 mg HF, 84 mg GL/kg body weight showed central vein area
and triode area with slight to moderate fatty changes and vac-
uolization. Other than this, it is almost look like normal. Other
treatment did not show good protection for the hepatocytes.

Kidney cells of rats treated with CCl4 showed necrotic tubule
walls accompanied by intertubular hyaline material, while those
treated with CCl4 and SI showed slight necrosis in glomerulus
and tubules along with degeneration and accumulation of hyaline
material. Kidney cells of rats treated with CCl4 and combination of
12 mg HF, 84 mg GL/kg body weight showed glomerulus and
tubules area with very slight degenerative changes.

The liver and kidney tissues obtained from each group were also
prepared for electron microscopic study (Figs. 4 and 5). Liver cells
of rats treated with CCl4 showing nuclear and cellular deterioration
and accumulation of cytoplasmic electro-dense material. Treat-
ment with SI prior to CCl4 showed almost normal appearance with
the least cellular deterioration and accumulation of electro-dense
materials. Liver cells of group treated with CCl4 and combination
of 12 mg HF, 84 mg GL/kg body weight showed almost normal
appearance with minimal cellular deterioration. Other treatment
showed less protective effect for the liver cells from CCl4 toxicity.

Treated with CCl4 resulted in sever intracellular deterioration
and accumulation of electro-dense materials in the kidney cells.
Group treated with CCl4 and SI showed kidney cells with almost
normal appearance with the least cellular deterioration and accu-
mulation of electro-dense materials. Best protection from the
tested compounds for the kidney cells was observed in the group
treated with CCl4 and combination of 12 mg HF, 84 mg GL/kg body
weight where cells looks like normal with slight intracellular dete-
rioration and accumulation of electro-dense materials was
observed.



Fig. 5. Histopathological appearance of kidney cells. (A) normal cells; (B) kidney cells of rats treated with CCl4 showing intracellular deterioration and accumulation of
electro-dense materials. (C) kidney cells of rats treated with CCl4 and SI showing almost normal appearance with the least cellular deterioration and accumulation of electro-
dense materials. (D) kidney cells of rats treated with CCl4 and 12 mg/kg body weight of HF showing severe nuclear and cytoplasmic deterioration along with presence of
electro-dense materials. (E) kidney cells of rats treated with CCl4 and 84 mg/kg body weight of GL showing intracellular deterioration and accumulation of electro-dense
materials. (F) kidney cells of rats treated with CCl4 and 6 mg of HF, 42 mg of GL/kg body weight showing intracellular deterioration and accumulation of electro-dense
materials. (G) kidney cells of rats treated with CCl4 and 12 mg of HF, 84 mg of GL/kg body weight G1 showing less intracellular deterioration and accumulation of electro-
dense materials.
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4. Conclusion

In the current study testing combination of HF and GL in two
doses to explore their protective effect comparing with the stan-
dard drug SI. The comparison based on serum biochemical param-
eters, tissue parameters, histological study using light and electron
microscope. The combinations were more effective than HF and GL
alone. However, SI was superior to the used combination in the
two used doses in all the measured parameters. The liver and kid-
ney cells appearance under normal and electron microscope
showed that SI treated groups showed almost normal cells with
slight toxic signs. Cells from group treated with combination of
12 mg HF, 84 mg GL/kg body weight indicated resemblance to
the normal group pictures of both kidney and liver under light
microscope. Electron microscope showed little cellular deteriora-
tion with some accumulation of small electro-dense materials.
Although the combination of HF and GL expressed good protection
in the higher dose, however, the combination did not exceed the
protective effect of SI.
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